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* NOTICES * 

»TPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The reservoir tank which stores the fuel which uses as a principal component the fuel or decalin 
which consists of a decalin, The reaction tank which carries out dehydrogenation on the catalyst which it 
had [ catalyst ] the heater which heats a catalyst and a catalyst, and had the supplied fuel heated, The feeder 
which supplies the fuel in said reservoir tank to said reaction tank so that it may be in a liquid membrane 
condition on said catalyst, Hydrogen gas generation equipment containing the liberating tank which the 
naphthalene and hydrogen gas which were produced by the dehydrogenation of a decalin are supplied while 
having a hydrogen gas separation means, and separates and discharges hydrogen gas with said hydrogen gas 
separation means. 

[Claim 2] Hydrogen gas generation equipment according to claim 1 which contains further the playback 
tank which carries out a hydrogenation reaction on the catalyst which naphthalene and hydrogen gas were 
supplied [ catalyst ] while having the heater which heats a catalyst and a catalyst, and had naphthalene 
heated. 

[Claim 3] Hydrogen gas generation equipment according to claim 2 which contains further the hydrogen gas 
storage tank which stores the surplus hydrogen gas discharged from said liberating tank. 
[Claim 4] Hydrogen gas generation equipment according to claim 3 which supplied the hydrogen gas in said 
hydrogen gas storage tank in said playback tank. 

[Claim 5] Hydrogen gas generation equipment of claim 2-4 which supplied hydrogen gas in said playback 
tank from the exterior of hydrogen gas generation equipment given in any 1 term. 

[Claim 6] The reservoir tank which stores the fuel which uses as a principal component the fuel or decalin 
which consists of a decalin, Dehydrogenation is carried out on the catalyst which had the fuel supplied when 
it had the heater which heats a catalyst and a catalyst and a fuel was supplied heated. The reaction playback 
combination tank which carries out a hydrogenation reaction on the catalyst which had naphthalene supplied 
when naphthalene and hydrogen gas were supplied heated, The 1st feeder which supplies the fuel in said 
reservoir tank to said reaction tank so that it may be in a liquid membrane condition on said catalyst, The 
liberating tank which the naphthalene and hydrogen gas which were produced by the dehydrogenation of a 
decalin are supplied while having a hydrogen gas separation means, and separates and discharges hydrogen 
gas with said hydrogen gas separation means, Hydrogen gas generation equipment containing the 2nd feeder 
which supplies the naphthalene in hydrogen gas and said liberating tank to said reaction playback 
combination tank. 

[Claim 7] Hydrogen gas generation equipment according to claim 6 which contains further the hydrogen gas 
storage tank which stores the surplus hydrogen gas discharged from said liberating tank. 
[Claim 8] Hydrogen gas generation equipment according to claim 7 which supplied the hydrogen gas in said 
hydrogen gas storage tank to said reaction playback combination tank. 

[Claim 9] Hydrogen gas generation equipment of claim 6-8 which supplied hydrogen gas to said reaction 
playback combination tank from the exterior of hydrogen gas generation equipment given in any 1 term. 
[Claim 10] Hydrogen gas generation equipment of claim 1-9 which contains further the unreacted decalin 
recovery system which collects the unreacted decalins which did not carry out dehydrogenation given in any 
1 term. 

[Claim 1 1] Hydrogen gas generation equipment of claim 1-10 which supplied the collected unreacted 
decalin to the reservoir tank or the liberating tank given in any 1 term. 

[Claim 12] Hydrogen gas generation equipment of claim 1-11 which includes further the hydrogen capacity 
detector which detects the hydrogen capacity produced by dehydrogenation, and the control means which 
controls the amount of the fuel on said catalyst so that the hydrogen capacity detected with said hydrogen 
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capacity detector becomes beyond a predetermined value given in any 1 term. 

[Claim 13] Hydrogen gas generation equipment of claim 1-12 which stored naphthalene in said liberating 
tank given in any 1 term. 

[Claim 14] Hydrogen gas generation equipment of claim 2-13 which supplied the tetralin or decalin 
generated by the hydrogenation reaction to the reservoir tank given in any 1 term. 

[Claim 1 5] Said hydrogen gas separation means is hydrogen gas generation equipment of claim 1-14 which 
is any one of the cooling systems which cool the naphthalene and hydrogen gas which were produced by the 
adsorption transparency equipment which adsorbs naphthalene and a decalin and penetrates hydrogen gas, 
the hydrogen gas separation membrane, or the reaction given in any 1 term. 

[Claim 16] Said catalyst is hydrogen gas generation equipment of claim 1-15 which is any one of a carbon 
support Pt catalyst, a carbon support Pt-Ir compound metal catalyst, a carbon support Pt-Re compound metal 
catalyst, and the carbon support Pt-W compound metal catalysts given in any 1 term. 

[Claim 1 7] The fuel which uses said decalin as a principal component is hydrogen gas generation equipment 
of claim 1-16 which is the composite fuel of a decalin and a tetralin, or a naphthene fuel containing a decalin 
given in any 1 term. 

[Claim 18] Hydrogen gas generation equipment of claim 1-17 given in any 1 term which carried out 
dehydrogenation before the dehydrogenation of said fuel on the catalyst which it dissociated [ catalyst ] with 
said fuel, and the tetralin was stored [ catalyst ], and had this tetralin heated. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the hydrogen gas generation equipment which can supply 
hydrogen gas to the fuel cell which could be built over hydrogen gas generation equipment, and could carry 
in cars, such as an electric vehicle, especially, and was carried in the car. 
[0002] 

[Description of the Prior Art] The conventional electric vehicle carries the original fuel for generating the 
hydrogen or hydrogen which is a fuel for generating electricity using the fuel cell as a power source for 
obtaining the driving force of a car, and this fuel cell. In the electric vehicle in which hydrogen is carried, 
hydrogen is carried with the bomb compressed and filled up with hydrogen gas or the hydrogen storing 
metal alloy which carries out occlusion of the hydrogen, or the hydrogen adsorption ingredient. On the other 
hand, in the electric vehicle carrying a original fuel, hydrocarbons, such as a methanol as a original fuel or a 
gasoline, and the hydrogen generation equipment which carries out steam reforming of this original fuel, 
and generates hydeogen-rich gas are carried. 

[0003] However, a hydrogen storing metal alloy and the hydrogen adsorption ingredient of the hydrogen 
storage consistency needed for an electric vehicle are inadequate, and it is very difficult to control the 
occlusion of hydrogen, adsorption, etc. On the other hand, the electric vehicle carrying a original fuel has 
the advantage that the distance it can run by one refueling is long, as compared with the electric vehicle in 
which hydrogen is carried, and original fuels, such as a hydrocarbon, also have the advantage that the 
handling of transportation etc. is easy, and that it is safe as compared with hydrogen gas. 
[0004] The possibility of use as the above-mentioned original fuel is expected from vapor pressure almost 
dealing with the decalin (decahydronaphthalene) which is one of the hydrocarbons by zero (the boiling point 
being about 200 degrees C) in ordinary temperature, and it being easy to carry out. 
[0005] The method of making it secede from hydrogen is learned from Mitsuteru putting and a decalin 
under existence of the transition metal complex which contains at least one sort of transition metals chosen 
from cobalt, a rhodium, iridium, iron, TERUNIUMU, nickel, and platinum in a decalin as the 
dehydrogenation approach of a decalin (JP,3-9091,B). Moreover, the method of manufacturing hydrogen 
from a decalin by carrying out an optical exposure to a decalin under existence of the rhodium complex of 
an organic phosphorous compound or existence with an organic phosphorous compound and a rhodium 
compound is learned (JP,5-18761,B). 
[0006] 

[Problem(s) to be Solved by the Invention] However, since naphthalene, an unreacted decalin, etc. which the 
reaction invert ratio produced by dehydrogenation low are intermingled when it is going to apply the above- 
mentioned conventional hydrogen generation method to hydrogen use equipments, such as a fiiel cell of an 
electric vehicle, there is a problem that the effectiveness of hydrogen use equipment worsens since the 
hydrogen partial pressure is low when hydrogen use equipment is supplied. 

[0007] This invention was accomplished that the above-mentioned trouble should be solved, supplies the 
hydrogen gas of a high grade to hydrogen use equipment using a decalin / naphthalene reaction, and aims at 
offering the hydrogen gas generation equipment which can improve the effectiveness of hydrogen use 
equipment. 
[0008] 

[Means for Solving the Problem] The reservoir tank which stores the fuel with which the 1 st invention uses 
as a principal component the fuel or decalin which consists of a decalin in order to attain the above- 
mentioned purpose, The reaction tank which carries out dehydrogenation on the catalyst which it had 
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[ catalyst ] the heater which heats a catalyst and a catalyst, and had the supplied decalin heated, The feeder 
which supplies the fuel in said reservoir tank to said reaction tank so that it may be in a liquid membrane 
condition on said catalyst, While having a hydrogen gas separation means, the naphthalene and hydrogen 
gas which were produced by the dehydrogenation of a decalin are supplied, and it constitutes including the 
liberating tank which separates and discharges hydrogen gas with said hydrogen gas separation means. 
[0009] In this invention, it is supplied and dehydrogenation is carried out on the catalyst with which the 
supplied fuel was heated so that the fuel which uses as a principal component the fuel or decalin which 
consists of a decalin in a reservoir tank may be in a liquid membrane condition on a catalyst. Naphthalene 
and hydrogen gas are generated by the dehydrogenation of this decalin. The generated hydrogen gas is 
separated and discharged by the hydrogen gas separation means, and is supplied to hydrogen use 
equipments, such as a fuel cell. 

[0010] According to this invention, since the hydrogen gas separation means has separated hydrogen gas, 
the hydrogen gas of a high grade can be supplied to hydrogen use equipment, and the effectiveness of 
hydrogen use equipment can be improved. 

[001 1] In the 1st invention, while having the heater which heats a catalyst and a catalyst, naphthalene and 
hydrogen gas are supplied, and the playback tank which is made to carry out a hydrogenation reaction on the 
catalyst which had naphthalene heated, and generates a tetralin (tetrahydronaphthalene), or reproduces a 
decalin can be formed further. It may combine with hydrogen generation equipment, you may prepare, it 
may dissociate with hydrogen generation equipment, and this playback tank may be installed in a gas station 
etc. 

[0012] Moreover, in this invention, the hydrogen gas storage tank which stores the surplus hydrogen gas 
discharged from the liberating tank can be formed further. The hydrogen gas stored in this hydrogen gas 
storage tank can be supplied to hydrogen use equipment, or can be supplied to a playback tank and is 
applicable to the hydrogenation reaction of naphthalene. 

[0013] In addition, hydrogen gas can be supplied to a playback tank from the exterior of hydrogen gas 
generation equipment. In this case, a clean system can be built by supplying the hydrogen gas generated by 
the electrolysis of water. 

[0014] The reservoir tank which stores the fuel with which the 2nd invention uses as a principal component 
the fuel or decalin which consists of a decalin, Dehydrogenation is carried out on the catalyst which had the 
fuel supplied when it had the heater which heats a catalyst and a catalyst and a fuel was supplied heated. The 
reaction playback combination tank which carries out a hydrogenation reaction on the catalyst which had 
naphthalene supplied when naphthalene and hydrogen gas were supplied heated, The 1 st feeder which 
supplies the fuel in said reservoir tank to said reaction tank so that it may be in a liquid membrane condition 
on said catalyst, The liberating tank which the naphthalene and hydrogen gas which were produced by the 
dehydrogenation of a decalin are supplied while having a hydrogen gas separation means, and separates and 
discharges hydrogen gas with said hydrogen gas separation means, The naphthalene in hydrogen gas and 
said liberating tank is constituted including the 2nd feeder supplied to said reaction playback combination 
tank. 

[0015] The 2nd invention uses the reaction playback combination tank which performs the reaction and 
playback of the 1st invention. A reaction playback combination tank carries out dehydrogenation of the 
decalin supplied when a fuel was supplied on the catalyst heated by 200 degrees C or more. Or 
dehydrogenation of the composite fuel of a tetralin and a decalin is carried out on the catalyst heated by 1 00 
degrees C or more. When naphthalene and hydrogen gas are generated and naphthalene and hydrogen gas 
are supplied, the hydrogenation reaction of the supplied naphthalene is carried out on the heated catalyst 200 
degrees C or less, and a tetralin is generated, or a decalin is reproduced. In case a reaction playback 
combination tank generates a tetralin, the remaining heat of the catalyst after dehydrogenation termination 
can be used. 

[001 6] Also in the 2nd invention, when the hydrogen gas storage tank which stores the surplus hydrogen gas 
discharged from the liberating tank can be formed further and a hydrogen gas storage tank is formed, the 
hydrogen gas in a hydrogen gas storage tank can be supplied to said reaction playback combination tank, 
and it can be used for the hydrogenation reaction of naphthalene. Moreover, you may make it supply 
hydrogen gas to a reaction playback combination tank from the exterior of hydrogen gas generation 
equipment like the above. 

[0017] In the 1st and 2nd above-mentioned invention, the unreacted decalin recovery system which collects 
the unreacted decalins which did not carry out dehydrogenation can be prepared further. This collected 
unreacted decalin is returned to a reservoir tank, and it can be used as a original fuel, or in order to remove 
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the naphthalene adhering to the wall surface of a liberating tank, it can be supplied to a liberating tank, or it 
can be supplied to a feeder or the 1 st feeder. 

[0018] Moreover, the amount of hydrogen gas generation is controllable as a predetermined value by 
establishing the hydrogen capacity detector which detects the hydrogen capacity produced by 
dehydrogenation, and the control means which controls the amount of the fuel on a catalyst so that the 
hydrogen capacity detected with the hydrogen capacity detector becomes beyond a predetermined value. 
[0019] Naphthalene can be stored in a liberating tank and can be hydrogenated to predetermined timing. The 
tetralin generated by hydrogenation or the reproduced decalin can be supplied to a reservoir tank, a feeder, 
or the 1st feeder. 

[0020] The above-mentioned hydrogen gas separation means can consist of any one of the cooling systems 
which cool the naphthalene and hydrogen gas which were produced by the adsorption transparency 
equipment which adsorbs naphthalene and a decalin and penetrates hydrogen gas, the hydrogen gas 
separation membrane, or the reaction. As a cooling system, the decalin naphthalene adsorption separation 
and hydrogen gas transparency equipment by high surface area activated carbon with a heating regenerative 
function can be used for the above-mentioned unreacted decalin list as the cooling system which carries out 
cooling separation of the hydrogen gas from the naphthalene produced by the reaction, and adsorption 
transparency equipment. With this decalin naphthalene adsorption separation and hydrogen gas transparency 
equipment, while adsorbing a decalin and naphthalene and penetrating only hydrogen gas with high surface 
area activated carbon, by heating by the heating regenerative function, a decalin and naphthalene break 
away and are reproduced from high surface area activated carbon. A catalyst can use either a carbon support 
Pt catalyst, a carbon support Pt-Ir compound metal catalyst, a carbon support Pt-Re compound metal 
catalyst and a carbon support Pt-W compound metal catalyst. 

[0021] Since a tetralin carries out dehydrogenation of the fuel which uses a decalin as a principal component 
before the dehydrogenation of a decalin by using the composite fuel of a decalin and a tetralin, it can 
generate hydrogen gas promptly. Moreover, the naphthene fuel containing a decalin may be used as a fuel 
which uses a decalin as a principal component. 

[0022] Moreover, a lot of [ promptly ] hydrogen gas than the dehydrogenation of a fuel can be generated 
before the dehydrogenation of a fuel by dissociating with the fuel which uses as a principal component the 
fuel or decalin which becomes the inside of a reservoir tank, or a tank other than a reservoir tank from a 
decalin, storing a tetralin, and carrying out dehydrogenation before the dehydrogenation of a fuel on the 
catalyst which had this tetralin heated. For this reason, the hydrogen generator of this invention is carried in 
the car which carried the fuel cell, and while being able to make startability good by carrying out 
dehydrogenation of TERORARIN at the time of starting, acceleration responsibility can be made good by 
carrying out dehydrogenation of the tetralin at the time of acceleration. 

[0023] this invention - a decalin / naphthalene reaction - using — **** — a decalin -- the boiling point ~ 
high — the handling by ordinary temperature — easy — naphthalene — sublimation and coagulation — or 
separation with naphthalene and hydrogen gas is [ that it is easy to carry out crystallization ] easy. 
Moreover, naphthalene shows rocking nature (thixotropy) to the hydrocarbon system liquid phase matter 
containing a decalin and a tetralin, and tends to dissolve it, and playback of a decalin can use the stable 
technique well-known as aviation fuel from another side and naphthalene. Thereby, it can be safe, and can 
be environment-friendly and the hydrogen gas of a high grade can be generated. 
[0024] 

[Embodiment of the Invention] Hereafter, with reference to a drawing, the gestalt of operation of the 1 st of 
this invention is explained to a detail. The gestalt of this operation carries the hydrogen gas generation 
equipment of the gestalt of operation of this invention in the electric vehicle in which the fuel cell which 
uses hydrogen gas as a fuel was carried. If the gestalt of this operation makes a decalin react under existence 
of an elevated-temperature catalyst, it will use the decalin / naphthalene reaction by which naphthalene and 
hydrogen gas are generated, and will not carry out adsorption storage of the hydrogen gas molecule, but will 
store it into a original fuel by the chemical bond. 

[0025] It has the liberating tank 30 which separates hydrogen gas from the naphthalene supplied from the 
reaction tank 20 which the gestalt of this operation is equipped with the heater which heats the reservoir tank 
10, the catalyst, and the catalyst which stores the decalin which is a original fuel, is made to carry out 
dehydrogenation on the catalyst which had the decalin supplied from the reservoir tank 10 heated as shown 
in drawing 1 , and generates naphthalene and hydrogen gas, and the reaction tank 20, and hydeogen-rich 
gas. 

[0026] The charging line 12 which equipped the reservoir tank with the bulb VI for supplying a decalin 
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from an external gas station, an external refinery, etc. the first stage is attached in the reservoir tank 1 0. The 
end of the charging line 14 equipped with the feed pump PI is attached in the wall surface by the side of the 
base of the reservoir tank 10. The other end of a charging line 14 branches to plurality, and each branching 
edge is connected to each of two or more decalin fuel injection equipments 16a, 16b, and 16c which 
constitute the decalin feeder 16 attached in the upper part of the reaction tank 20. The decalin feeder 16 
supplies a decalin by injection or addition so that a decalin may be in a liquid membrane condition on a 
catalyst 18. This liquid membrane condition is in the condition in which the catalyst front face carried out 
humidity slightly by the decalin, and the amount of hydrogen gas generation becomes max at the time of the 
dehydrogenation in overheating (heating at the temperature exceeding the boiling point of a decalin), and a 
liquid membrane condition. This is because an invert ratio improves when the vapor rate of a decalin 
becomes so small that there is little substrate volume (volume of a decalin) and a vapor rate carries out 
dehydrogenation in the small and hot condition. That is, since a vapor rate is proportional to each of the 
temperature gradient of volume, heat transfer area and the source of heating, and the boiling point, a vapor 
rate will become small if there are few amounts of a liquid decalin. Since a liquid decalin exists in the state 
of liquid membrane also on a heating catalyst (for example, 200-350 degrees C), a catalytic activity site is 
whenever [ high enough covering ], and is always filled up by prompt adsorption of the decalin from the 
liquid phase. That is, the reactivity which was excellent rather than it made it react with a gas on a catalyst 
front face is acquired by carrying out dehydrogenation in the state of liquid membrane on a catalyst front 
face. 

[0027] It consists of the 1st heater 22 which heats a catalyst 18 and a catalyst, and the catalytic-reaction 
machine which makes coincidence produce generation of heat and endoergic on the front reverse side of the 
high heat-conducting characteristic substrate with which the catalyst was established is formed in the base 
side of the reaction tank 20. The dehydrogenation side of a catalyst 18 supports a catalyst metal particle to a 
porous carbon carrier, and is constituted. The carbon support Pt catalyst using the metal of noble-metals 
systems, such as Pt, Pt-Ir, Pt-Re, and Pt-W, as a catalyst, a carbon support Pt-Ir compound metal catalyst, a 
carbon support Pt-Re compound metal catalyst, or a carbon support Pt-W compound metal catalyst can be 
used. Moreover, the metal of a nickel system may be used as a catalyst metal. 

[0028] The 1st heater 22 is connected to the mounted dc-battery B through the switching element 23 by 
which on-off control is carried out, as shown in drawing 2 . Moreover, near this catalyst 18, the 1st 
temperature sensor 24 which detects the temperature Tc on the front face of a catalyst is attached. 
[0029] The unreacted decalin recovery system 26 which is made to condense by cooling the unreacted 
gaseous-phase decalin which evaporated on catalyst 18 front face etc., and are collected is attached in the 
upper part of the reaction tank 20. This unreacted decalin recovery system 26 is equipped with a bulb V2 
and a feed pump P2, and is connected to the reservoir tank 10 through the return piping 28 for returning an 
unreacted decalin to the reservoir tank 10. Moreover, through the charging line 32 equipped with the feed 
pump P3, this unreacted decalin recovery system 26 is attached in the wall surface of a liberating tank 30, 
and is connected to the injection valve 38 which injects an unreacted decalin to the solid-state naphthalene 
which coagulated and adhered to the wall surface of a liberating tank 30. The 1st hydrogen pressure sensor 
36 which detects the hydrogen capacity generated from the pressure of hydrogen gas is attached in this 
reaction tank 20. 

[0030] The reaction tank 20 is connected to the liberating tank 30 through the charging line 34 equipped 
with the bulb V3. While having a heating regenerative function, adsorption treatment of the organic 
compounds, such as a decalin and naphthalene, is carried out, and the hydrogen demarcation membrane 40 
which consists of a hydrogen permeation purification thin film which consisted of the high surface area 
activated carbon equipment for adsorption purification and palladium which make hydrogen refine and 
penetrate, and a palladium alloy is formed in the side attachment wall of a liberating tank 30. The hydrogen 
gas separated by this hydrogen demarcation membrane 40 is supplied to the mounted fuel cell which is 
hydrogen use equipment. 

[0031] The cooling system 43 to which the exterior of a liberating tank 30 is made to carry out coagulation 
of the internal gas naphthalene by cooling the side attachment wall of a liberating tank 30 with air blast 
quenching or water cooling is arranged. By cooling a liberating tank with a cooling system 43, naphthalene 
coagulates, condensation dropping of the unreacted decalin is carried out at coincidence, and an unreacted 
decalin is separated from hydrogen gas. In order to refine the condensed hydrogen gas on the other hand and 
to remove naphthalene and a decalin completely, the hydrogen demarcation membrane 40 is used. Hydrogen 
gas is efficiently separable by using the film which cools the high high surface area activated carbon of 
capacity which adsorbs organic compounds, such as naphthalene and a decalin, for carrying out separation 
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purification of the hydrogen gas, and penetrates only hydrogen gas, or the hydrogen demarcation membrane 
made from a palladium alloy. Moreover, the 2nd hydrogen pressure sensor 42 which detects the hydrogen 
capacity generated from the pressure of hydrogen gas is attached in this liberating tank 30. In addition, the 
naphthalene and the decalin which carried out cooling adsorption separation to activated carbon carry out 
balking playback suitably with heating. Moreover, the exhaust pipe 45 which equipped the liberating tank 
30 with the bulb V6 for discharging the naphthalene stored in the liberating tank is formed, and the reserve 
hydrogen reservoir tank which is not illustrated for storing the surplus hydrogen gas generated superfluously 
may be connected to a liberating tank 30. In addition, the naphthalene solution stored in the liberating tank 
can be discharged from an exhaust pipe 45 to the naphthalene storage tank formed in the gas station etc. 
[0032] With the gestalt of this operation, the playback tank 50 which hydrogenates naphthalene and 
reproduces a decalin or a tetralin further is formed. The playback tank 50 is connected to the naphthalene 
solution reservoir machine formed in the base side of a liberating tank 30 through the charging line 44 
equipped with the bulb V4 and the feed pump P4. 

[0033] It consists of the 2nd heater 54 which heats a catalyst 52 and a catalyst, and the catalytic-reaction 
machine which makes generation of heat and endoergic produce is formed in the base side of the playback 
tank 50. The hydrogenation side of a catalyst 52 supports a catalyst metal particle to a porous carbon carrier, 
and is constituted. As a catalyst, the carbon support Pt catalyst explained above, a carbon support Pt-Ir 
compound metal catalyst, a carbon support Pt-Re compound metal catalyst, or a carbon support Pt-W 
compound metal catalyst can be used. Moreover, the catalyst which used the metal of a nickel system as a 
catalyst metal may be used. 

[0034] The 2nd heater 54 is connected to the mounted dc-battery B through the switching element 55 by 
which on-off control is carried out, as shown in drawing 2 . Moreover, near this catalyst 52, the 2nd 
temperature sensor 56 which detects the temperature Tc on the front face of a catalyst is attached. 
[0035] Moreover, the hydrogen gas supply line 58 for supplying hydrogen gas is attached in the playback 
tank 50 from the facility of the hydrogen bomb prepared in the car exteriors, such as a gas station, 
electrolysis-of-water equipment, etc. The decalin and tetralin which this playback tank 50 made carry out 
the hydrogenation reaction of naphthalene and the hydrogen gas using a catalyst, makes generate a decalin 
or a tetralin, and were generated returned the bulb V5 and the feed pump P5, and are supplied to the 
reservoir tank 10 through piping 60. 

[0036] As shown in drawing 2 , each of the above-mentioned decalin feeder 16, the unreacted decalin 
injection valve 38, pumps P1-P5, bulbs VI -V6, the hydrogen pressure sensors 36 and 42, temperature 
sensors 24 and 56, and switching elements 23 and 55 is connected to the control unit 62 which consisted of 
microcomputers etc. 

[0037] Hereafter, the control routine by the control device of the gestalt of this operation is explained. 
Drawing 3 is what shows the main routine performed by ignition switch-on. In step 100, incorporate 
temperature Tic of the 1st catalyst first, and it judges whether it is below the predetermined temperature as 
which Tic was beforehand determined whenever [ catalyst temperature ] in step 102. When Tic is below 
predetermined temperature whenever [ catalyst temperature ], the 1st heater 22 is turned on in step 104, and 
when Tic is over predetermined temperature whenever [ catalyst temperature ], the 1st heater 22 is turned 
off in step 106. Thereby, it is controlled so that the skin temperature of the 1st catalyst turns into 
predetermined temperature, this predetermined temperature — 200-500 degrees C — desirable — the 
temperature between 200-350 degrees C - it can be made 280 degrees C still more preferably. This reason 
is if it will not be obtained with sufficient fuel cell output if it puts in another way, but the dehydrogenation 
made into the purpose has a high rate of reaction and possibility that a carbon deposit will arise when 350 
degrees C is exceeded when predetermined temperature is made into less than 200 degrees C, and 500 
degrees C is exceeded, are not practical. 

[0038] At the following step 108, a decalin is supplied making the amount of supply increase from the 
specified quantity (amount just before liquid membrane is obtained on a catalyst front face) defined 
beforehand gradually, and it judges whether based on the average of the hydrogen pressure detected by the 
hydrogen pressure sensor 36 and the hydrogen pressure sensor 42 in the following step 110, whether 
hydrogen pressure's increasing and the amount of hydrogen generation of gas are increasing. It repeats 
returning to step 108, when hydrogen pressure is increasing, and increasing the decalin amount of supply 
gradually. Since a decalin is gradually supplied on the dry catalyst by this, a catalyst front face carries out 
humidity gradually, and goes and a decalin is supplied in the state of liquid membrane, a hydrogen yield 
approaches maximum. 

[0039] Since it is the case where the decalin amount of supply is supplied to an excess from a liquid 
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membrane condition, on the other hand when it is judged that hydrogen pressure is falling in step 1 10, it 
supplies decreasing the decalin amount of supply gradually in step 112. When it judges whether hydrogen 
pressure fell at step 1 14, it repeats returning to step 112 and decreasing the decalin amount of supply 
gradually when hydrogen pressure goes up, and hydrogen pressure falls, it repeats returning to step 108, 
increasing gradually and supplying the decalin amount of supply. 

[0040] Thereby, a decalin is always held in the state of liquid membrane on a catalyst front face, and a 
decalin is supplied so that the hydrogen pressure of hydrogen generation of gas, i.e., the amount, may 
become max. 

[0041] Thus, a liberating tank 30 is supplied with the decalin and naphthalene of a gaseous phase by 
opening a bulb V3, and a decalin is condensed in a liberating tank 30 by cooling by the cooling system 43, 
and coagulation of the naphthalene is carried out, hydrogen gas is separated from the decalin and 
naphthalene of a minute amount by the hydrogen demarcation membrane 40, the generated hydeogen-rich 
gas is discharged, and the hydrogen gas of a high grade is supplied to a fuel cell. The mounted dc-battery B 
is supplied, and stores electricity the power generated with the fuel cell, and it is supplied to loads, such as 
mounted electronic autoparts, while it is supplied to the motor carried in the electric vehicle and a motor 
drives it. 

[0042] In addition, the hydrogen separation efficiency by the hydrogen demarcation membrane can be raised 
by changing the hydrogen gas in a liberating tank into pressurization or a high-pressure condition, or making 
the pressure by the side of the hydrogen gas appearance of a liberating tank into low voltage (for example, 
negative pressure). Although the example which heats a catalyst at a heater was explained above, a catalyst 
may be heated using the exhaust heat generated with a fuel cell, surplus hydrogen gas, a methylcyclohexane, 
the low-boiling point hydrocarbon impurity steam generated within the decalin reservoir tank are burned, 
and a catalyst may be heated. 

[0043] Drawing 16 is a shown thing which shows the example which the low-boiling point hydrocarbon 
impurity steam (hydrocarbon gas) generated in the decalin reservoir tank is burned, and heats a catalyst. The 
catalyst 1 8 is constituted by catalyst 1 8A by the side of the dehydrogenation constituted as mentioned 
above, and transition-metals oxide-catalyst 1 8B by the side of the oxidation prepared in the rear face by the 
side of a dehydrogenation, and catalyst 18A and catalyst 18B are supported through the high heat- 
conducting characteristic substrate. Combustion chamber 1 8C is formed in the transition-metals oxide- 
catalyst 18B side, and this combustion chamber 18C is opened for free passage by the mixer 23 which mixes 
hydrocarbon gas and air through piping 21. The air supply tubing 25 equipped with the bulb V7 is connected 
to the mixer 23, and the mixer 23 is connected to the part with which the hydrocarbon gas of the decalin 
reservoir tank 10 is filled through the steamy charging line 27 equipped with the bulb V8. 
[0044] A catalyst 18 carries out complete oxidation of the mixture of air to the hydrocarbon gas supplied 
from a decalin storage tank by the rear face by the side of a dehydrogenation by the transition-metals oxide 
catalyst, and supplies required dehydrogenation endothermic-reaction heat. 

[0045] Moreover, although the example which stores a decalin in a reservoir tank as a fuel above was 
explained, the fuel which uses as a principal component the decalin which mixed the decalin and the tetralin, 
or the naphthene hydrocarbon fuel containing a decalin may be used, and the reservoir tank which stores a 
decalin may form independently the tetralin reservoir tank which stores a tetralin. Since dehydrogenation 
occurs more promptly than a decalin, the tetralin is effective to generate hydrogen gas promptly like at the 
time of starting of a car, and acceleration by using a tetralin. 

[0046] While hydrogen gas generation processing shown in drawing 3 is performed, interruption Lee Ching 
who shows drawing 4 is performed for every predetermined time, it is judged in step 120 whether it is 
unreacted decalin recovery timing, when it is unreacted decalin recovery timing, unreacted decalin recovery 
processing is set up in step 122, and a return is carried out to a main routine. The back bulb V2 by which the 
bulb V2 was opened and the predetermined time drive of the pump P2 was carried out by this is closed, a 
pump P2 is suspended, and the decalin collected by the unreacted decalin recovery system 26 is supplied to 
the specified quantity reservoir tank 10 through a return line 28. 

[0047] On the other hand, when it is judged at step 120 that there is nothing to unreacted decalin recovery 
timing, naphthalene removal processing is set up in step 124, and a return is carried out to a main routine. 
Thereby, an injection valve 38 is opened, and the predetermined time drive of the pump P3 is carried out, 
and it is injected by the naphthalene in which the unreacted decalin collected by the unreacted decalin 
recovery system 26 has adhered to liberating tank 30 wall surface from the injection valve 38. The 
naphthalene which has adhered to the wall surface of a liberating tank by this dissolves, and it is removed 
from a wall surface, and is stored in the base side of a liberating tank. And when a car stops, it is discharged 
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by opening the bulb V6 prepared in the liberating tank 30 by the recovery tank formed in the gas station etc. 
It is hydrogenated using the hydrogen gas generated by the hydrogen bomb prepared in the gas station etc., 
and electrolysis-of-water equipment, or is hydrogenated in a refinery etc., a decalin is reproduced, and the 
naphthalene collected by the recovery tank is again supplied to a reservoir tank as a original fuel in a gas 
station etc. 

[0048] In addition, in case the naphthalene adhering to a liberating tank wall surface is removed, it is 
desirable to vibrate a liberating tank using the excitation equipment which is not illustrated while injecting 
an unreacted decalin to the naphthalene adhering to a wall surface. Moreover, since a liberating tank vibrates 
with the irregularity of a road surface even if it does not use excitation equipment while running the road 
surface whose electric vehicle was ruined, it may be made to carry out while running the road surface whose 
electric vehicle was ruined in this naphthalene removal processing. In this case, excitation equipment is 
unnecessary. In addition, the coagulated naphthalene may be removed to inject high-pressure Ayr, or may 
form a heater in a liberating tank wall surface, and may heat and remove it to predetermined temperature 
(for example, about 80 degrees C). 

[0049] If a car is stopped and an ignition switch is turned off, while the interruption routine of drawing 5 
will be started, suspending a pump PI in step 130, stopping the decalin feeder 16 and suspending decalin 
supply, generation of hydrogen gas is stopped by turning off the 1st heater 22. In addition, what is necessary 
is just to store the generated hydrogen gas in the reserve hydrogen storage tank which is not illustrated, since 
a small amount of hydrogen gas is generated even after suspending decalin supply. 

[0050] In the following step 134, T2c is incorporated whenever [ catalyst temperature / of the 2nd catalyst ]. 
Judge whether it is below predetermined temperature T2o as which T2c was beforehand determined 
whenever [ catalyst temperature ] in step 136, and when T2c is below treatment temperature T2o whenever 
[ catalyst temperature ] The 2nd heater 54 is turned on in step 138, and when whenever [ catalyst 
temperature ] is over treatment temperature, the 2nd heater 54 is turned off in step 140. Thereby, it is 
controlled so that whenever [ catalyst temperature ] turns into predetermined temperature, this 
predetermined temperature -- the temperature between 150-200 degrees C - the temperature of about 150 
degrees C is preferably employable. 

[0051] At the following step 142, a bulb V4 is opened, a pump P4 is driven, and the mixed liquor of 
naphthalene and an unreacted decalin is supplied to the playback tank 50 through a charging line 44. 
Moreover, the hydrogen gas obtained from the hydrogen bomb or electrolysis-of-water equipment which 
can come, simultaneously is formed in the gas station is supplied to a playback tank, a naphthalene 
hydrogenation reaction is performed on the catalyst 52 controlled by predetermined temperature, a decalin is 
reproduced, a bulb V5 is opened, a pump P5 is driven, and playback decalins are collected on the reservoir 
tank 10 through a charging line 60. As for the hydrogen gas in a playback tank, at this time, it is desirable to 
make it pressurization or high pressure. 

[0052] In addition, when performing naphthalene hydrogenation simply and promptly, make whenever 
[ catalyst temperature ] into low temperature from the above, a tetralin is made to generate without 
pressurizing hydrogen gas, and you may make it supply it to a reservoir tank. 

[0053] Although the example which carries the playback tank 50 in a car was explained above, a playback 
tank may be installed in a gas station etc., the hydrogen obtained by electrolyzing water in a gas station etc. 
may be supplied, and a decalin may be reproduced. 

[0054] Next, the gestalt of the 2nd operation is explained with reference to drawing 6 . The gestalt of this 
operation switches decalin dehydrogenation and a naphthalene hydrogenation reaction using one reaction 
playback combination tank which made one the reaction tank and playback tank of a gestalt of the 1st 
operation, and is made to perform them, and a fuel can use the fuel used with the gestalt of the 1st operation. 
In addition, in drawing 6 , the same sign is given to a corresponding part with drawing 1 , and explanation is 
omitted. 

[0055] As shown in drawing 6 , with the gestalt of this operation, it replaces with the reaction tank and 
playback tank of drawing 1 R> 1, and the reaction playback combination tank 70 is formed. The reactor 
which becomes the reaction playback combination tank 70 from the catalyst 66 of a noble-metals system 
explained by the heater 68 and the above which are used for the time of decalin dehydrogenation and 
naphthalene hydrogenation reaction time is formed. Moreover, the decalin recovery system 64 which 
collects an unreacted decalin and the reproduced decalins (it is a tetralin when reproducing a tetralin) in the 
state of the liquid phase is formed in the upper part of the reaction playback combination tank 70. This 
decalin recovery system 64 is connected to the reservoir tank 10 through the return line 28. 
[0056] Moreover, the reserve hydrogen storage tank 72 which stores the surplus hydrogen gas separated 
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with the liberating tank 30 is formed, and this reserve hydrogen storage tank 72 is connected to the reaction 
playback combination tank 70 through the piping 76 equipped with the bulb V8 while connecting with the 
hydrogen gas discharge side of a liberating tank 30 through the piping 74 equipped with the bulb V7. 
[0057] With the gestalt of this operation, if an ignition switch is turned on, as drawing 3 explained, a catalyst 
66 will be heated by 200-350 degrees C at a heater 68, a decalin will be supplied in the state of liquid 
membrane, and hydrogen gas will be generated. While the generated hydrogen gas is separated by the 
liberating tank 30 as high* grade hydrogen gas and a fuel cell is supplied, surplus hydrogen gas is stored in 
the reserve hydrogen storage tank 72 by opening a bulb V7. At this time, as the gestalt of the 1st operation 
of the above explained, removal processing of the naphthalene which unreacted-decalin-recovery-processed, 
and reached, coagulated to predetermined timing, and adhered to the liberating tank wall surface is 
performed. 

[0058] While decalin supply on a reaction playback combination tank is suspended as explained above since 
the generation of electrical energy by the fuel cell will be suspended if an ignition switch is turned off, 150- 
200 degrees C of temperature of a catalyst are preferably controlled by the temperature of about 150 degrees 
C. Moreover, the naphthalene currently stored by the liberating tank 30 and the hydrogen gas stored in the 
reserve hydrogen storage tank 72 are supplied to the reaction playback combination tank 70, and the decalin 
which the decalin was reproduced by the naphthalene hydrogenation reaction and reproduced under 
pressurization or high-pressure hydrogen gas is supplied to a decalin reservoir tank through a return line. 
[0059] Since the temperature of a catalyst is an elevated temperature, you may make it return the tetralin 
which generated and generated the tetralin using the remaining heat of a catalyst to a reservoir tank 
immediately after ignition switch-off. In this case, the original fuel which a tetralin is mixed and uses a 
decalin as a principal component is supplied to the catalyst of a reaction playback combination tank in the 
state of liquid membrane. Since the remaining heat of the catalyst after dehydrogenation termination can be 
used in case a reaction playback combination tank generates a tetralin, a tetralin can be generated without 
adding energy further, in case it generates. 

[0060] According to the gestalt of this operation, since the reaction tank and the playback tank were 
constituted from one reaction playback combination tank, equipment can be miniaturized. Moreover, since 
one catalyst performed decalin dehydrogenation and naphthalene hydrogenation and the remaining heat by 
the decalin dehydrogenation immediately after ignition-off is used for naphthalene hydrogenation, energy 
expenditure can be lessened. 

[0061] Next, other examples, such as a reactor, are explained. The example explained below is applicable to 
the gestalt of each above-mentioned operation. 

[0062] The reactor of drawing 7 arranges a catalyst 82 so that the conductor 80 heated by combustion of 
heating at a heater, the remaining heat of a fuel cell, or surplus hydrogen gas etc. may be inserted. A decalin 
is supplied to each catalyst 82 in the state of liquid membrane from the fuel injection equipment of a decalin 
feeder. 

[0063] A wave-like reactor is used for drawing 8 (A). In the decalin feeder 86 of the pair by which the jet 
section 84 in which many jet holes were drilled was arranged in the shape of a ctenidium, as shown in 
drawing 8 (B), it arranges and the decalin feeder is constituted so that the jet section of the decalin feeder of 
another side may be located between the jet sections of one decalin feeder. Since the reactor which arranges 
and constituted the catalyst 82 so that a conductor 80 might be inserted like drawing 7 arranges the catalyst 
on both sides of a conductor according to each above-mentioned reactor arranged by being crooked in the 
shape of a wave so that it may be located between the jet sections of each decalin feeder, it can raise the 
thermal efficiency in decalin dehydrogenation and naphthalene hydrogenation. 

[0064] Drawing 9 shows other examples of an unreacted decalin recovery system. In order to collect 
efficiently the naphthalene produced by the unreacted decalin and decalin dehydrogenation, this unreacted 
decalin recovery system approaches the catalyst 82 of a reaction tank, and is arranged. The catalyst 82 is 
established on the conductor 80 which supports a catalyst. This unreacted decalin recovery system 
approached the catalyst as much as possible, has been arranged, and is equipped with two or more cooling 
sections which cool a gas gradually. The 1st cooling section 85 which approached the catalyst most is used 
in order to liquefy a gaseous-phase decalin, and it cools the gas which was supplied from the decalin feeder 
86 and evaporated with the catalyst to the 1st predetermined temperature (for example, 80-190 degrees C). 
Thereby, a decalin is liquefied and it is again supplied on a catalyst. Moreover, the 2nd cooling section 87 
located above the 1st cooling section 85 cools the gas which passed the 1st cooling section 85 to the 2nd 
predetermined temperature (for example, 80 degrees C or less) lower than the 1 st predetermined 
temperature. Thereby, coagulation of the naphthalene is carried out and it is supplied to a naphthalene 
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recovery tank. 

[0065] In the example of drawing 9 , since naphthalene is coagulated within a reaction tank, the cooling 
system which cools a liberating tank becomes unnecessary. Moreover, in this example, since it can liquefy 
quickly, the decalins which evaporated can be collected and it can return on a catalyst again, hydrogen gas 
generation effectiveness and a generation rate can be raised. 

[0066] Drawing 1 0 shows the configuration which heats a catalyst using exhaust heat of hydrogen use 
equipments, such as a fuel cell. It combines in the shape of a rectangle, and the catalyst is constituted so that 
a cavity may produce six tabular catalysts 1 8A-1 8D inside, while a reaction side turns to an outside and a 
heating surface counters. 

[0067] A decalin is supplied in the state of liquid membrane from the decalin feeder 86, and inside, exhaust 
heat of hydrogen use equipment conducts and is heated at the reaction side side of a catalyst. In addition, 
this exhaust heat is applicable also to catalyst heating of the recovery tank 90 and naphthalene removal of a 
liberating tank. 

[0068] Drawing 1 1 shows other examples of a reactor, a catalyst 92 is formed disc-like and a decalin is 
supplied from the decalin feeder 86 to a part of catalyst front face. While a catalyst makes one revolution 
when a decalin is supplied superfluously since the decalin feed zone on a catalyst will move gradually, if a 
decalin is supplied from a decalin feeder where a catalyst is rotated, a liquid membrane condition can be 
generated by part for the decalin feed zone on a catalyst, and thereby, hydrogen gas can always be generated 
in a high hydrogen gas conversion ratio. 

[0069] Drawing 12 is the same configuration as drawing 8 (A) and abbreviation, and arranges the reactor 
which consists of a conductor 80 and a catalyst 82 between the jet sections 84 using the decalin feeder 86 
which arranged the jet section 84 which equipped right and left with many jet holes in the shape of a 
ctenidium. 

[0070] Drawing 13 carries out arrangement of the piston 41 which consisted of hydrogen gas separation 
membranes in the liberating tank 30 on which it can be slid. Since it is resisted and moved to the 
energization force of an energization means by being energized by energization means, such as a spring, in 
the direction in which the volume of a liberating tank 30 always decreases, and supplying hydeogen-rich gas 
in a liberating tank and this piston 41 can make the hydeogen-rich gas in a liberating tank 30 pressurization 
or a high-pressure condition, it can improve hydrogen gas separability ability and can supply high grade 
hydrogen to hydrogen use equipment. In addition, although hydrogen gas was changed into the high- 
pressure condition using the piston with the gestalt of this operation, hydrogen gas can also be changed into 
a high-pressure condition by replacing with a piston and using a hydrogen pressurizer. In addition, in 
drawing 1 3 , hydrogen gas separability ability can also be improved by making the hydrogen gas appearance 
side of a hydrogen demarcation membrane into negative pressure. 

[0071] Drawing 14 arranges the reactor 96 which becomes hydrogen use equipments, such as a fuel cell, 
from the direct hydrogen demarcation membrane 40, and a catalyst and a conductor, supplies a decalin from 
the exterior of hydrogen use equipment, and it supplies hydrogen gas to hydrogen use equipment, without 
using piping. Since the direct hydrogen demarcation membrane and the reactor have been arranged to 
hydrogen use equipment, while being able to miniaturize equipment according to this example, the exhaust 
heat from hydrogen use equipment can be used efficiently. 

[0072] Drawing 15 shows notionally how to remove the naphthalene adhering to a liberating tank wall 
surface. This naphthalene is removable with heating by warm water (for example, 80 degrees C or more) 
and the current, supply of high-pressure Ayr, vibration, etc. 

[0073] With the gestalt of the above-mentioned operation, although the mounted fuel cell was explained to 
the example as hydrogen use equipment, this invention is applicable to hydrogen use equipments other than 
a mounted fuel cell. 
[0074] 

[Effect of the Invention] Since he is trying to separate the hydrogen gas generated using the decalin / 
naphthalene reaction according to this invention as explained above, the hydrogen gas of a high grade is 
supplied to hydrogen use equipment, and the effectiveness that the effectiveness of hydrogen use equipment 
can be improved is acquired. 
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[Drawing 4 ] 
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[Drawing 6 ] 
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[Drawing 13] 




[Drawing 15] 
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